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(b) ±i?MM.74>^*mmi~±M74'^7Jmk 

( C ) ±M?^^7jm&h±$^Rh\zm-i@mm 

(d) ±i^-fmm±^v*yy£i£m*%m-tz 

(e) ±ssimh<D±&^^i/irwm^mmm^9 

(f) ±m**^>*mL$mmmtnimRzf®ffi 

(g) ±u^v?-^m±mt±ii-7^?±.iz>mitm 
turns- 

(h) ±my^iy£±si^y^i/?'M±m(Dm)m*m 

>31»*±K¥aHW<ogl y i y sssgiMs 

(i) ±sa^7^>a*a«Mst^**-ii'«c* 4 5>±Ex 

( j ) _fciafe-# y y 3 >»±(-«ffli u 3. n 

( 1 ) ±mw-wm(D±%mvw>ft<D±®±jiD±Mm~ 

m -> y n >»©*iB«P«:«iU »< 
(m) ±8SWIM©»y^fc±K¥lKW«:3W*WK 

(n) ±IB^7^>«K«rtBli»±(c*ir^>^SWMI 

CI9*3S2] ±Kjg-/-HUS/y K-fcTV^S 
nfcTK U <J n >S i: ¥3*R^ U-f > (H S G) Jf CD- 

- JifflflStcttf-h^Ji^l'^V'hTS'^ (TEOS) 
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• >>wi8W/77, (bsg) a^sfg-Rggui. 

t>0. 35Mm(D|gllT'*6 £ i: £#$[i:-tSfii*Jg 1 izti 

im>m 6 ] ±ia^7 K-t" tut* y y 3 

VT'T-tT *J 0 , ±tay^i/{iff$^3 ( QQQfrh*. 500A 

comma K-t">^ti^y ->y zym&na&ut* 
±8£ K-tfy^n^y *>y 3 ym*x-y*-^#-r& 

3*^0. 8 AmCDf5fflT-S>SCl t %W«i:"rslt*J!t 

1 csatto*& 

9 ] ±8a»-* y ^> y 3 H-b->^^ 

[HI*S 1 0 ] ±EH S GICfcv^T. ff^*%!/300^ 
j» t>700A®l6iB-C'*-5 ^ i: «:W«i:-t*ffl!*S 1 KgEi&cD 

Cft#JS 1 1 ] JjaWffiB** BPSG, J/'J3 VUft: 

y «fc y 3w?s nfc««*» f>jg«« n. ±aH^a)icDff^ 
[»*3Si2] ^^y-r-f/w^tofcOffl^^^^-v 

(b) ±8aat5T-v^w^E^rt(i±saT ; i-/^^^t 
(i) T-f^-ixtfY-hWSBfa y-- 

ac^-^^h->7> (TEOS) *>t>t#fej"j3>8 
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(c) ±m7*;^*ffim&t±nm®Lt^m-$mm 
( i ) ±m$-%mm^ y 3 >wnk®. bpsg, 

(d) ±ssm-mm±.^^^y^±m^m-?> 

( i ) >y ^ yfrnikmiz. */ y a ym&m. -> v 
n i/mmmim. rut eos &/ss ?jv-? 

.fcyjiJRSnfcaift^WE&SSn. ±K3iy^>^*ih 
Ji©ff$A^|Q50*>P>200A(D|BfflK*a, -?-CDJ; ? &|§#g 

c i ) ±aBSsRjS«tt?w)iip-9--r x*m i8*^o. 35 
( 1 ) ±aa^7i/* s H— t:>^s*ifc7Hy ~> y 3 >-c-t- 

tT« 'J . ±85:77 WZm-Zm, 000*> 5,4. 500ACD3EH 

co k— trv^stifcjtfy s/y 3 >n £s£*£-t£-c ±k 
(g) ±ii^y^>^m±mt±uy'^^±izw : m^tm 

(l) ±3£¥ffiHb»* s . ^M'JVHt^^ -> 
«fc U31S3^*ifcfMlA»?>fiRy. -to** am 000*^1 

*i<5 «fc e> K-tSfijer-fcoT. 
( 1 ) ±82^ 7 ? WL©BBn8l$©-»H' X** ISO. 3*^ e> 

(i) ±IB^7^>?L%8P»WK3fS|i$-a:«:*«c,±iax 

awfr±c£-#y *>y 3>flraiK*stt*aB3sgT**o 

T, 

( 1 ) ±8b#— #y *>y 3 >s*«H-k'>^tifc/i<y 

•5/ >J a U *%300** P>500A®fBfflH* S, 

3 ScgJSi:. 

( j ) JbfBSS— sHU S"J 3 Ml ±Ci£S£tfe/W > (H 
SG) JIfcJ&3S^S«fgT'*oT, 

(1) ±iiHSGm<Dmzitmoofrb7oob<Dmm~$) 
( k ) ±um-x y y 3 >«±n«H4fli 
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C 1 ) .kEWHOT** BPSG. y 3 >»fblSl. #y 
500*^10, OOOAflDtffliK**. ^CD^-p&gPgi:. 

( i ) ±BE¥iHbi©±8sayap»±©±aa»-aHy 

(m) jjB¥Sffc««>±affiayasdM)±»±«)±i2ai- 

& y ^ntz «fc y * 7 ? v«HB»tts»«: jgfltt* 
set. 

( o ) ±8E^ v >«aawtffi»± *r +• ; 

imwnmffl&mw] 

20 CO 0 0 1] 
[0 0 0 2] 

[(S6*®tS«if3 (VLS I) 

«t*y^-y7'±©iaiM(aifij*fo<j«<4ofc. ¥ 

» (ULS I) 'NtMA./c'o m»S* s i«<^o7 , cCi: 
T\ 0SSxi/^ > S ^{i-e<W-f X/J\SYbK J: »J 

40 T-^y (DRAM) ^•y7'C0g&lt^^(DTl/'1'*% 
5. -ffl^cDDRAMaa'IS^TFti, ^cflt{;*jv^*— (O^t 
JKKfbft^NWWBffai* b 7 >^>X * (MOS-FE 

t) a»f>/£y. *^ays i T»i* ; r-^8a«<ofcAK#- 

*IE1firt-S. E-MBR^BWoW^^iyfebS^^ft 
<0«^»*. ^t^y^^AT^^t'J (DR 
AM s ) ©m«^$:^^-&5±T«^^»i:^:S 0 
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TfcS. dot. ^£M£r6LhS-fr4fc*>fcli. A* 

[0003] OTW^HRWlFtiRtt-rS 7D«i 3f * 
^^flBt^L-CV^i. flP^, *EB5,543.345(U-v^ 
ffil) , 7K;ll5,550,076(^-xy) , *H5,604,146( > y x 
y) , *ffl5,491,103(r>-fl!j) , *(B5,545,584(^- 

mm, mf/xiz^mwffimz&mtLx&v). zti 

tf)0»t«/NEfc: ^^m^Wm-t Z b , LT 

WC&4. 

[0004] 

«|^*^3#3 4**;ta'**SBi^4fc^#8; 
*»flW4£fcfc:&4. #?|HJ^@ftfj{i, jS5|Mi,Kk* 

T^-feX^^rU (DRAM) Sr. ffiV^3XM'^CS 
iff 6 fcft«0*j£Sr«l«W-6 £ b lzfc& . 
[0005] *»5itf>Stttt, ^"y^V^z^mk^V 
A V (HSG) £S£tfLT, HSG/H >W«;H* 
^i-4fc^3HH£El»3Ht4£fctf>'C*4?5'>:>' 
**^S'*£«^4fcAO;^*ilt«^4£fcfc* 
4. J2LbZ>BW*33IW-4fctf>, 'J 4 ^>f *e>!fc 

*3£0JI«:, ( a ) H 1 #hb-^#:t 4 A-f xSatT, 

H±te«ffi»fcH*E«l 2 Sr^t, ( b ) ISf^ 
^-f^iaWrtfc7 ? -i^^fllJft«E2 0, 2 2, 24, 2 

HA,tZmiB.blrXiSik* (c)Hl-fltJa*i:a6K10 
±fc»-»Rfli 3 0 &&j£ U ( d ) H 2 -m-JfeS* 
_tCx-yf-y^jfc*3 4£#lSU (e ) mm±C7)* 
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+^<^^«BMi«3IW!!flf*»iiJ § ■£ 4 Jfcft, x •/ f-v/ 
ItifcJi 3 4k 35-J&SJI 3 0 SrK < &gE£&fi*?L4 0 Sr 
JftfiU ( f ) EI2 — ^^'Ci^^SaaWWWfiW&W 1 8 k 
««S*)WgM§* : 5:*>t>«^«fi!l!?L4 0S:^ 
W5/4 2«L, (g)B3-X7f>^± 
m3 4k7??4 2±lz 3 m(kM4 4&ffitLU (h) 
T5i?'4 2 kx-yf-y^ftjtJf 3 4cOJf j2g&£fSfctJ£-tf 
&#& a Pffl'(W4 4fc:??'>>'?L4 6*JBj£U 
5 yfUiTHHW^JS y )nl5^4 4 Ale J: 0 tfflfaP&b 
£>tt.4ioCLTfc#, ( i ) [II4-?^y^ ; L£gfcfr 
&<J{;:3fc^Jl£ -tf-Sr^ , x •/ f-y?WJI, 75/4 2. 

y« 5 o ( j ) %&mm-m-~# y ^ u 

=jyJI5 0_B;:HSGJ15 2£^j£U (k)05=SS 

4>=5r4#tt*5 4£J&J«U inCi , 9^7^y7L4 6 
£;£«LT:fci*, ( 1 ) ¥ffi-(UfO£gyg|5#4 4A±<7) 
Jfr-tf 'J is U 3 yif £ fSt±S£-£4 Jtft«ttJB 5 4 £0±35 
£K "5 BfK #\ ttteJg 5 4 co±gP(±x -y -f-y •/ 7 b 

itmwmMwwmiz x o ix o # , ( m > ^wfb® <oa 

W*4 4 A<7)_hg|5_h^— y y 3 y« 5 0 COMlti 

mzjswmz. in) miM5 4'm^tm4 4A<m ir ) 

ffij$4 2, 5 02r»Jj£L, ( o ) 7?VymmWm 
4 2, 5 0±iz^^n=ynmM5 6b±MmMmSS 
ZBtiZ-fZ Z b Zmffllb LTV^S . 

[ o o o 6 ] as-He»Jiii. y^mi, BPSG 
ft, ^ya^BBMIft*. «»L<liTEOSiWk!ft3&»4) 

figD, x-y^->-^"S±*3 4c7)»${±^50*^200A^ig 

MCll 77/4 2li. K-tfy^^^y^yny 
^^fiEO, -C-OT*?^!*. ffS*53,00O*»/5>4.500Atf5« 

b*y yztitzx 'j-zy^yui^f y^ \' -y -r 4 -i 

[0007] ¥M^4 4J2rt^y>^lgiS#7 

^7, 000*^13, mt&>mwnwzx'hhzbi> i m± t 

V>. ^5^y?l4 6c7)ljC]- 1 M X{±*tJ0.3*^0.8jumcr) 

ffiffl-c**)!. t 3s— #y >- y n yJi 5 o t± K-b-y 

^n/i^y >-CT'#TiS 9 , /|[$^*«;300^^»5 
OWW)«Sffl*Cft4<0*flffiBT»5. (H 
SG)(i l?$^300*^700A^fflTft?.^fc* i M 

tLv^„ !gittJi5 4(i*'>s'j vy-fis^f?^. ^y 

J5$^4,500*^10 ( OOOA<?D«fHCaS ^ t ^ 
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[0008] #f§BSf±, ^^g&ffii:<DiiB#tc;k^ 

(1) X.*j<?-l/#m±M\±. 7^4 2 ®2#i) 
tt|4 4Axyf^/<y^ (EI6&tmi7#SS0 £7£ 

t4T E O SMMfcfe© J: a &Btffc«««fc U ^^V^liR 

(2) »> V 3 >7^4 2^fi#{C0. 25^MS;tf-e 
tick <J */>*«cjB!«{Cfcv>T. Hfl«:i*l;-C^jS8ES 

(DOF) 7-5?>4#5ii:i:J:U. 7*HJV^ 

->Un>y5i/4 2 MS (E2#M) J4. x.y^>^§t 
ihif 3 4 ±K# V i/ U n fcJBtfTtS - £ 'J -> 

[0 0 0 9] (3) fffllWJMCWWV (H 
SG) 5 2«rWi-*^7«»na«ffi»5 0f4^<0^5 
^ >S**f>afTi"* Wt&t£0>*6 H S G4*V-f VfeBfcS 

i: <fc otHifS^M tr* 5 3 o 

[0 0 10] 

« ^y^>-?m±m 3 4 fc^JB©^^ 2JBSt 
*BSI»fcJilirt?t3J:-3K. gift, flE#K£. ffS&fc' 

jissaiaDW^nsttTt?**. {hawl p«is?3cdp 

•?o:;Vi:CMOSIilSSA^n*^}FM$n5 0 £7^0® 

60D R AMieit^ L*^gf*^tlTV ^ i^d £ IbW&Z ft 
&Vmt&btfr\ £tz* J r'*i'#li. DRAMfy^ 
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• ElffiliN-MOSx^V^^LT^S**, P-MO 
Sr-f^-f ^.t) U< fiNJtt^P— MO S £DM^*5-y-7^ 

[0 0 11] ^yx^W^KMfcS^^y*-^ 
E««:imSIBK^ £Kl OcD«a±{^PS^E^l 2% 

KJB«$n«7 r -1'^W^BBfi*2 0, 2 2, 2 4, 2 6 

mt&m&m is cm : y-*j6«f) *sgr*n3. -r 
-f^w^f*. y-h*se»2o. y— 22, v- 

18, HWVW16. ^-*fi^e2 4S:tJ f ^ 
[0 0 12] y-b«B§ff2 0f±. $*-MMfcSWi, # 

^ y y a y -y-r h g s.t>"±gpr- h mmm et^ 

im 1 8 RXf h* U-f 1 6 {£. 1^^^ n-fe^ ^ffi 

^tzMffii^fcisftZ. Z-ftb Y—Vs<f-Zint&m<» 
-01;, ^+^^©!Sff«BB»3&^aBrt-S'¥+-'^>* 

os^^Ey-r-f/<-r^©— «pr**s. ^-^-2214 

iW2 4ti, SiL<lifh7Xf-^ht/7> (T 

eos) sofflT-fpy ai«*iS'>u 3>BrfB»*»^o, 

[0 0 13] ^-pBgtS2 6J4. mitm. >^ 
l'^^*^^ (BPSG) . ffiU >$-'fiBfi#7*. ^ 

£ jWKE, 000*^4, 500A(Ol5ffl-C**S©*fl^WT*S> 
5 0 *mn\^ t'yh7^>±^t^^ (COB)« 
Jt©J^»*fcoTi^S. tVh5^>^4?L2 8 (El 9 

mam i£z>m=.mmm % a utm^ n€» c t * u 

7^i h7^>2 9 »-rf<>J ->U 

3 b<o# v y 3 > ^ 5t^$ tis„ z «fc u , 

t'7b7-fy±^t^ (COB) DRAMflfit**aj 

[0014] mit^^tx^i^c ^-*fiisji30 

»0^R 1 0 ±KJ^t^f*i*. H-*g^®{4M* L/ < 
fi, i^JJVifkfe, BPSG, SA-mt$mvi¥b 
50 ftZi/V nym.it%XXtX\i^(D1fi^i}\ 
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"sMW&ftv* (bpsg) frbfcz><Dtfmt>m$m 

^#±«3 4Jij|-IMWi3 0±cjgfiR$n*. xy?- 
l"?Mitm3 4fi. (SIN), j/'ja 

i/wmmm. jEy>$--rwtt#7*. &t>*TEosg* 

fttlT'T-tT^SCDa^S* U^*« S i Nt, U < 1*2/ V 
3>^ttJ*UUa^T% S i Nj&^jSSffljWRfcJI 
S«rC**6o S i N*/c(^>'J 3id8fl*l*>P>jRSxs/ 
>^£fifjf 3 4 (iff ^ jWR|55jb» ib200ACO|6ISIT'* S © 
TEOSfeUOiPSGa^jSSxy^V 
^itltJf 3 4 »4&$*%100*»c>300A©|Bffl-C**S©3&« 

:?^fr>5 0 BmiCDmM.&ffl&?l4: 0 fcriip 7^4 2 

-mm 3 o %ji>^TSsi&^sas»L4 o a^r« n*. 
mmzmM?L4oi* ma^x^m. i8^bo. 35 jum 

ii^m^w^mmjk^m-ts zti*. w-mitm 4 4 

t;^?V?L4 6 fc^Ufc«(::ffi|^^?L«:J®£-r 
S i: ^ -5 wmwmo) 7n-t * i: jtfR 7 * 1* 7 
D-b^A«|Si±Ur*JU. <J:oT^U<Wf'JT'*€. 0 04 
in^.T. Xy*->^§fihJi3 4fi. O.Z5Mm& 

So 

[0 0 15] E2(iJ:€)i:, 

1 8 £«mifta«f$g=®£^U mu«e**P>SSHWSS«?L 

4 0 &rS/cUTy^i7'4 2 *9gj£;5;HS. 77^4 2 [£ 
So -f^Jfl*. miZffii, 000*^4, OOOACDffifflCD h'-tf 
'J */ V 3 >J1 * X-y 3- * y ^ $ -ttfc U fl£*fl*J« 

*JV^C J:U^V^#« (DOF) v-i/*>$:f#SC 
#^> l J3>7'7^4 27'Dt7. (@2# 

J&U #U 3>jf &x>y^ y^.y<? T' 

S3 0i:4 4 5:iiUT|5]B#{rx^^>^-r5i:^ 

[00 16] 03£J!.Si:, sp®fUB4 4**xyf->^' 
itjhS3 4i:7'v^4 2±(Cff^$nT^So ¥Mb/f 
4 4lt *^ffiy^-!r-r»ttWf7^ (BPSG) , S/y 
3>®tffcfe RXfttlsyf^tf^X (SOG) #>*b$;S 

W \ * UTJI&WKttffS JMEJ7. 000** C, 13, 000ACDI6I1 
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< B3 4<7)^3agP$:^ai^-ti:5«k^C :s l z S'fb®4 4±(r^ 
7?>ft4 6#9^S*lS*Btt*:Sl/Clr*S. 
?L4 6 teWfcJf ©*IUgP#4 4 Atr«fc Utfiffi^E^tl 
TV^o ^V^>?L4 6(^ Hntf©1M'XiMKJ0.3*» 
P>0.8/tim(7)iefflT**S3.i:*^*Lv\ H4liX, ^7 
9 >?L4 6 &fflS^fc^LT&**S>xy*-:/^»i|jf 

34. y^42 %xfm-*m<m<Dn. y skh 4 a± 

0 &f5LTW5„ (Of : y s/y =»> 

/<? ji) 5 0 ti h - brv^s tifc* y i/ y 3 >^ & # y . m 

5{**5300*>f>500A<D|BHT**oTt,^V\ :7"n-tr.7x<7) 

aspgT?, h s G^w-f >***y s/y 3 ^frbf&zm- 

2i(Dm. w*>. M-*>?x9-> (w) m&xf*<o± 
^mttistf-zymftfo (t i n) «*^^g^nSo 

[0 0 17] H4J4. *»BJ©#ii^^fe#i|^^i- 0 jg 
-fi&Wa* H - tt^-K Uv"J3Vl50i:HS 
G@ 5 2 ®-o©Ji*»C>«tS. HSGI5 2fi*^>3 
ycD^aT'^So @8(±» HSGS5 2^LT-ffM$tl 

«>. ¥3*!0W>W > (H S G) 15 2 36^g— * y s/ y 3 
*^00A»P>700A<OtBfflT**SCli:*«a*Ot\ 05 

ns «k ^ ^14® 5 4 a^— jh y y a 5 

0 ±KJ&K3 n. •f*Ur J: y ^ 7 >7 >?L4 6 tl 
So W&M 5 4{*. *>>36y ^'TSWWf^^. i"J3 

* l/V^. ^(DfyX'tj 7* b b#V V— #S 

J» fflWt?**. ^4S5 4ti. &S*^(94.500*»f»10,000A 

[0 0 1 8] H^EI5(rov^TT*^)S*\ ¥ffi-fbS<D^ 
fJ«S^4 4 A(0±iS±©*-** 'J 5/'j3>I5 0 Cft. 
tf, t. L^RSettUiH S GJi 5 2) «:Sat$^/c^^ 

6»i. iyf>^<y^^fl«il^ (CM 
P) tfSffittbT^SflOftfca*"*-. ¥ffi'ft«©a , JgP^4 
^ 4AlA>t,, SB-#y->y 3>I5 0 CRtf. 

•rtKS h sgi 52) o±gp*% y Mantis, m y 
5 0 mwme&o* v >7 >©±»P9tt%jB0Er s. 
s-ew»©±fB5 5 0 Bii, miz&s *is «fc ^ {cstb-r 

4 ^n»i^*»s «t o w&m 5 4 Rvm-w-Mtmn 

SR«J«5^4 4AA^B?W(^flSiy|iSJ* % tu. dtl^iU^^ 
«»!ROE1*BSa»4 2. 5 0 3WKSt*nS. J15 4, 
4 4 AliHFr-f y 7"x-/ ^ V^?:^ V ^Sl'J fi$ < CD* S 

a*u\ 7*M/^haa*«:iBiyi»<ci4. h 4 



• 
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[0 0 19] *Sfiqa<oas«eWfi®-o{4. SRIftxy « 
^HF) *»fcTJi®f&-*fiWB3 0 *fiHK-f *. S/U =i 

n>»3»sss^fc»*»e)^*©*w*n»\ §i*«5tia7»: 

J;5i, #+A^*«W5 6fc±SflgSH*5 8*« ^ 
99>!WE1iH8fiB*4 2, 5 0±(cjfM^n, cndcfc 
'J^t5y^7>yA7^-tr7,^ : e i J (DRAM) ^ /<? 

y n mfy y 3 >iwtf» (no) #u >«o n 

«*. fc-fcixidasa^ynviftftft (o) »*. 

i 5 Atr^ft ufc/wiMbftrc** So y =1 >^ 

{fctlJl (N) J*ff$*<m580*»c,200Aa?igffltwS&:* < J:^ L 

pcvDTj&ssns. ±aP'>yn>iMfcft (o) jb 

jO100A»C>250AiBftT?*S Ch^'S* U \ 
[0 0 2 0] ±8ffiW£tt 5 8 1*. *3feOap/f K-e 2» 

n/c/K y y 3 «: L P C V D Ogffiffc^lS 

WfeV>W- * (4#U, 000^2, OOOACD^HT'^S C 2: 

(1) xy^-V^ifrfJBf*. 77^42 (®2#M) fc« 
S14 4AI7 ^ < y 7 (0 6 JKflg 7 Mf& 30 

ffiwi^-ti'ffigffifefiiis-a-s^y ^ywmmm-cmm 

$nTV>5©**M*lA\ i;/^Xy^>7Wj±Jf 3 4 
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Meihtxf For Crown Type Capacitor In Dynamic Random Access Memory 
Background of Invention 

1) Field of the Invention 

This invention relates generally to the fabrication of capacitors in a DRAM 
cell and particularly to a method for fabricating capacitors over bit lines with large capacitance 
and more particularly to a method for fabricating a crown cylindrical capacitor. 

2) Description of the PriorAn 

Very large scale integration (VLSI) semiconductor technologies hove 
dramatically increased the circuit density on a chip. The mininturraftd devices built in and on. 
semiconductor substrates are very closely spaced and their packing density has increased 
significantly. More recent advances in photolithographic techniques, such as phase-shifting 
masks, and self-aligning process steps have further reduced the device siaed and increased circuit 
density. This has lead to ultra large scale integration (ULSI) with minimum device dimensions 
less than a micro meter and more than a million transistors on a chip, Whh this improved 
integration, some circuit elements experience electrical limitation due to their down sizing. 

One such circuit element experiencing electrical limitations is the army of 
Storage cells on a dynamic random access memory (DRAM) chip. These individual DRaM 
storage cells, usually consisting of a single met aV-oxide- semiconductor field effect transistor 
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(MUS-FET) and a single capaciior arc used extensively in the electronic induxiry f or storing 
data. A single DRAM cell stores i hit of data on the capacitor as dectrical charge. The decrease 
in cell capacitance caused by reduced memory cell area is * serious obstacle to increasing 
packing deashy in dynamic racdom access memories (DRAMs). Thus, the problem of decreased 
cell capacitance marc be solved to achieve higher packing densiry in a semiconductor memory 
device* since decreased cell capacitance degrades read-out capability and increases the soft error 
rait of the memory cell as well as consumes excessive power during low-voltage operation by 
impeding device operation. Therefore, stacked capacitors having a three-dimensional structure 
have been suggested to improve cell capacitance. Such s la cked capacitors include, far example 
double- stacked, fin-structured, cylindrical, spread-stacked, and box structured cspaciicirs. 

The following "US patents show related processes and capacitor rtrucmres; US 
5,543,345 (Liaw et ah), US 5,550,076 (Chen), US 5,604,14o (Tseng), and US 5,491,1 03 (Ahn ex 
al.). US 5. 545,584 (Wuu et aL) shows a united contact plug process. However, many of the 
prior an methods require substantially more processing step* or/and planar structures which 
make the manoiacnaing process more complex and costly. 

There is a challenge lo develop methods of manufacturing these capacitors 
that mini mix* lie jnanofactwing costs and maxim be the device yields. In particular, there is a 
challenge to develop a method that minimizes the number of photoresist masldng operations and 
to provide maximum process tolerance, to maximize product yields. There Is also u challenge xo 
develop a capacitor which is not limited in size by the photoliThographie technique j. 



1 



(15) 



^fH¥ 1 1-284 1 39 



Saanqarv of the Invention 

It k in object of tha present invention to provide * method for fabricating a 
capacitor having a high density and capacitance. 

It is an object of the present invention to provide a method far fabricating a 
DRAM having capacitor having a high, density and capacitance which is low cost end simple to 
manufacture. 

It is an object of the preterit inv* n tton to provide a method for fritriauug * 
ctpacitor which can owume the limrharirmg of photographic t^chni^ucs and Much r educe? th* 
number of xaasWog steps. 

It is an object of the present invemloa to provide a method for fibricating a 
dynamic random nranory (DE-AM) having c*padtor having » high d=nsity and 

capacitance which is krw cost and simple to manufacture. 

It a another objeci of the present Invention to provide a method for fabricating 
« cccwa capacitor bavins KemispWcal grains (HSG) d*pocHW on the incida of th. aivn so 
to avoid problems from the HSG strip grain itutodrts leakage. 



To accomplish tha abov« objectives, the oreiem invention provides-a method 
of tnacufactcring a. crown capacitor for » memory device, "which, is characterized: 
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a) Sec figure I - selectively form isolation trcas 12 on the surface of* 
Slfranie 10 while leaving device area* for lh* &bricalion of semiconductor 
devices; 

b) form device structures 20 22 24 26 2S 29 within the device areas of tie 
substrate wherein in the device structure includes a <=ip*ci;ori»od« contact 
region 1 8 (e.g., drain region) in the wWtrate 10; 

c) figure 1 - fonn a firs; insulating layer 30 ov*r the device structure* And the 
substrate 10; «• 

d) £gure 2 - form an etch barrier layer 34 ov«r the £rst insulatinc, layer; 

e) form a node contact hole 40 Through the etch barrier layer 34 and the first 
inSul&linZ layer 30 tn *vpo*etl>* capacitor node contact region an the 
substrate; 

f) figure 2 -form a piug 42 filling the node contact hole 40 making electric*! 
u>d m cch n n icaJ contact wnh the capacitor node contact regies 18; 

g) figure 3 - form a planarizing layer 44 over the etch barrier layer 34 and the 
plug 42; 

h) farm a crown hole 46 m the pUnarizixjg layer 44 exposing the plug 42 and 
surround portions of the etch barrier layer 34; the crown hole is defined by * 
remaining pnrtiou* of the pUnAriring leycr 44 A; 

t) Figure 4 - deposit a first polysilicon layer SO ovcrth* *tch harrier layer,. the 
pluy 42, and the remaining first planarizin£ layer 44 A partially fill the crown 
hole; 

j) ~ opnonal process - forra a HSG layer 52 over the first polytilicon layer 50; 
4 
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k) figure 5 = form a sacrificial layer $4 compowi of boropbosphosUicalc gla&s 
over the first polysilicon layer SO thereby filling the crown hole 46; 

I) remove top portions of the sacrificial layer 54 to expose the first poly silicon 
layer over the remain portion of the pl&narizing layer 4-4 A; the top portions of 
the sacrificial layer 54 removed by etching back and chemical-mechanical 
polish; 

m) remove the exposed portions of ;he first polysdliwin layer 50 over the top 

the remain portion of the plaaarisxng layer 44A; 
n) selectively remove the remain portions of the sacrificial layer 54 and the 

planarizang layer 44 A thereby forming a crown shaped storage electrode 42 

SO; and 

a) form a capacitor dielectric layer 56 and a top electrode 58 over the erewn 
shaped storage electrode 42 50. 

Preferably, the first insulating layer composed of a material selected from the 
group consist of silicon oxide, BPSG, and silicon oxide formed by a Sub atmospheric - oxide 
process. 



Preferably, the etch barrier layer is composed silicon nitride, silicon oxy nitride 
orTEOS oxide, and the etch barrier layer 34 has a thickness in a range of between about SO and 
200 A 



Preferably, *Ji« node sonnet hole 40 has an open dimension in a range of 
between about 0. IS and 0.35 pm . 
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Preferably, ihe plug 42 is composed of doped poly silicon; the plug formed by 
depositing alayer of doped polysilicon with a thickness m * range of between about 3000 and 
4500 A and etching bade the hyer of doped polyslicon. 

Preferably, the planariaan s layer 44 is composed of boropbosphosilicaie, 5 l*ss, 
silicon oxide, of spin-on-glass. and ha* a thickness in a ranee of between about 7000 and 
13.000 A. 

Preferably, the crown hole 46 has an open dimension in * range of between 
about 0.3 and 0.6 pm. 

Preferably, the first polyoHcou layer 50 composed of doped polysilicon aud 
h« a thickness in a range of between about 300 and 500 1 A. 

- Preferably, the Hemispherical grains (HSG) layer has a thickness in a. nngc of 
between about 300 and 70D A 

Preferably, ihe sacrificial layer 54 is formed of borophosphosilicate glass, 
silicon oxide, polymer or photo resistant material, and the sacrificial layer has a thickness in a 
range of berweco about 45D0 and 1 0,000 A 

The present invention achieves These benefits in the context of knewn process 
technology. However, a further understanding of the nature and advantages of the present 
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invention may be realized by reference to the lamer portions of the specification end attached 
drawings. The invention ha» ihe following benefits; 

© The etch barrier layer 24 protects the unoerfying first insulating layer 30 
from the selective etches for forming the plug 42 (See figure 2) end the sacrificial layer 44 A * 
etchback (See figures 6 and 7), Moreover, the etch barrier layer 34 is preferably composed of 
silicon oorynhride which reduces stress end improves yields. The etch barrier layer 34 0J50 hoj a 
high etch sdecriviry than an oxide such as TEGS oxide. 

The pory silicon plus 42 process improves the photolithography accuracy, 
especially in the 02$pM and smaller processes, by gaining depth of focus (DOF) margin by 
reducing topography. A conventional plug hoi* would fcc defined after ihe crown hole 46 deb 
(see figure 4). The polysUUon plug 42 process (See figure 2) comprises forming a poh/silicon 
layer over the etch barrier layer 34 and etching back the poh/silicon layer. 

© The crown cylinder electrode: 50 having Hemispherical grains (HSG) 52 
only on the inside surfaces eliminates HSG grains th« could fails from the outride crown wall*. 

Additional objects and advantages of the invention will be set forth in the 
description that follows, and in part will be obvious from the description, or may t>* )«*med by 
practice of the invention. The objects and advantages of the invention may be realized and 
obtained by means of insirumemalriies and combinations particularly pointed out in the append 

claims. 
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Brief Description of the Drawings 

The features and advantages of a semiconductor device according, io the 
present invention and further details of a proccjui of fabricating juch a Maniconductnr device in 
accordance wjth the present invention will be more dearly understood from the following 
description taken in conjunction with the accompanying drawings in which like reference 
numeral* designate similar or corresponding dements, regions and portions and in which: 

Figures 1 through 7 are cross sectional views for illustrating « method for 
manufacturing a crown capacitor According to the present invention. 

Figure 8 is a cross sectional view jor illustrating &r\ embodiment of the 
invention fbf manufacturing a crown capacitor without the Hemispherical grains (HSG) la yea- 52 
According to the present invention. 

Figure 9)5 4 top plan view for tflusmimg a nwikod for tmaufacturiag a 
crown capacitor of a semiconductor memory device according *e the present invention. 



Detailed Desenption of the Preferred Embodiments 



The present invention will fee described in detail with reference to the 
accompanying drawings. The present invention provides a method of forming a crown 
capacitor over a bit line. Key features are the etch barrier layer 34 and the early pjut 42 
forroalion process. 

S 
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In the following description numerous specific details are c«t forth such as 
flow rates; pressure settings, thicknesacs, cic., in order to provide a more thorough understanding 
of the present invention. It will be obvious, however, to one skilled in i he art that the present 
invention may be practiced without these details. In other instances, well known processes have 
not be described in detail in order to not unnecessarily obscure the present invention. 

It should be -will understood by one skilled in the art thai fay including 
additional process steps not described in this embodiment, other types of devices can slso be 
included cn the DRAM chip For trample, P wells in the P substrate and CMOS circuit can be 
tormed therefrom. It should a) to be understood that the £gures depict only one DRAM rtora.ee 
cell out of a multitude of cells that are fabricated simultaneously on the substrate. Also, the 
capacitor can be used in other chip types hi oddrrion to DRAM chips. It should he also 
understood that the figures show>LMOS devices, but P-MOS devices or a combination of N and 
P -MOS devices can be simultaneously formed on the substrate. 

The method for mamj-facTuring a crown capacitor for a memory device begins 
by selectively forming isolation ueu 12 on the surface of a substrate 10 while leaving device 
areas of fabrication of semiconductor devices. 

Substrate 1 0 ji understood to possibly include a semi conductor wafer, neti-vo 
and passive devices formed within the wafer and layers formed on the wafer surface. The term 
"substrate" is mean to include devices formed within a semiconductor wafer and the layers 
overlying the wafer. 
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Figure 1 illustrates device structures 30 22 24 26 formed u^in the device 
areas of the substrate wherein tn the device structure includes a capacitor node contact region 18 
(eg., source region) which the lubslrnic ] 0, 

The devices can comprise gate structures 20, spacers 22, source 1 S and drain 
16 regions, a first isolatioo layer 24, and a second isolation layer 26 . 

The gale structures 20 preferably comprise a g*le oxide layer, a, 
polystficofi/polyeide layer, and a top gate isolation layer (all shown u layer 20). Source IS and 
drain region* 1 6 are formed in the substrate using conventional processes. One of these doped 
regions is the capacitor node contact region ■where the bottom electrode of the capacitor will 
contact. The gale Erucruie is pan of the MOS memory device baing formed. Preferably spacers 
22 ara form»d on the sidewalls of the gaze structure 20. 

. The first isolation layer 24 is preferably composed of silicon oxide formed by 
a TetraElhylOrthoSilanefTEOS) process and preferably has a thickness in a range of between 
about 300 and 2000 A. 



The second isolation layer 26 is preferably composed of oxide, 
borophocphosilicate glass (BPSG), phosphosilicartc glass, borosilicaie C»«* CBSGX and 
preferably has a thickness in a rang* of between about 2000 and -4500 A. 



The invention forms a capacitor over bit line (COB) structure. A bit line 
contact hole 28 (shown in top view figure 9) is preferably formed through first isolating laynr 30 

10 
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and second isolation layer thai exposes the underlying bit lines. Next, the ba )m© contact hole 
i8 is filled wilh & pedy silicon from a second potyxiJicon layer to form • bit line phig and bit Ht»c 
29. This forms a capacitor over BhKne (COB) DRAM structure Thi* structure is more dense 
and allows more capacitor area. 

As shown in figure ]. a first insulating layer 30 is formed overtn* second 
. isolation layer 26, device structures, bit lines and the substrate 10. The first insulating layer is 
preferably composed of silicon oxide, BPSG . sUicon oxide formed by a SA-oxide process, end 
is most preferably composed of boroohosphosilicate glass (BPSG) The first iruulaiion layer 
preferably has a thickness in a range of between about 4S00 and 6000 A. 

As shown in figure 2. an etch banier layer 34 it formed over the first 
insulating layer 30. The etch barrier layer 3-4 is preferably composed of sDi con nitride (SiN), 
silicon oxynitride. phosphnsiiicale glass and T"BOS oxide, and more preferably is SiN or silicon 
oxynitride and most preferably formed of SEN. The etch barrier layer composed of SiN or 
Silicon oxynitride preferably h*s a thickncis in a range of between about 55 and 200 A_ The 
etch harrier layer 34 composed of TEOS or PS(t preferably bu a thickness in n range ef 
between about 100 and 300 A. 

Formation Of Node Contact Hole 40 And Poly P!n^ 42 Before Crown SOB 

In a key Step, n node contact hole 40 is formed through to the etch barrier 
layer 34 and the first insulating layer 30 to expose the capacitor node contact region 1 S on iha 
subarats 10. The node contact hole 40 preferably has an open dimension in a range of between 

1 1 
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. .about 0. 1 8 and 0.3 5 unx The formation of the node contact hole thin early in the process is a 
1 - significant benefit as the photo process is improved compared to the inventor's former process 
where the node contact hole was formed after the formation of crown hole 46m ih* plonaruing 
layer 44, See figure 4. In addition the etch barrier layer 34 is critical the photo process for 0.25 
pin products and below. 

Referring to figure 2, a plug 42 is formed filling the node contact hole 40 
making electrical and mechanical contact with<he capacitor node contact region IS. The plug 42 
\S preferably composed of doped pory silicon. The plus " preferably formed by depositing a 
layer of doped polysilicon with a thickness in a range of between about 3000 and 4000 A; and 
etching bade or chemical-mechanical polishing back the layer of doped polysilicon. 

The invention's polysilicon plug 42 process can gain more (DOF) depth of 
fbcus margin in photo of 0.25pM process. The poiydlieon plug 42 proeeac (Sec figure 2) 
comprises forming a poiysjlicon layer over the etch barrier Uyer 34 and etching back the 
polysilicon layer). In contrast, the conventional method of form trig the node contact is to *tch 
through layers 10 and 44 at the same time 

TunriDg to figure 3, a planarizrcg layer 44 is formed over the etch barrier layer 
34 and the plug 42. The planarizing layer 44 is preferably composed of borophosphoailicate 
glass (BPSG) . silicon oitidw, end spio-on-elass (SOG). and is most preferably formod of BPSG 
and preferably has a thickness in a range of between about 7000 and 13000 A. 
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Figure 4 shows a crown hole 46 is formed in ihc phnari&og layer 44 exposing 
the plug 42 and SUTTOundin£ portions of the etch baTTier fa>*r 34. Th< crown hole 46 is defined 
by remaining portions of the planarbioa layer 44 A. The crown hole 46 pr«fcr«bly haa an or/ten 
dimension in a range of betw*«n about 0.3 and 0.8 |im. 

FigXJt 4 lis© shows * first conductive layer (eg., <ir« poiy silicon lay**) 50 
formed over ihc etch barrier layer , rhe plug 42, and the remaining portions of the first 
plaoarlring layer 44 A partial ry filling the crown hole 46. The first conductiw layer (e.g., first 
polysiticon layer 50) can be composed of doped polysilioon and having a thickness in a range ox 
between about 300 arte 500 A. Later in the process HSG grainx can b* formed over the first 
conductive layer 50 formed of polysilienn. In an alternate, the first conductive layer 50 is 
composed of rwo layers; a Srst tungsten (W) layer and * cverlying titanium nitride (TSN) 
layer. 

" Figure 4 shows a preferrao embodiment of the invention. The firsr conductive 
layer is comprised of two layers, a doped polysilieon jayex SO and a HSG layer 52. The HSG 
Layer 52 is an optional process. Figure 8 shows the capacitor of the invention formed without the 
HSG layer 52. Ia the optional process, a hemispherical silicon grain {HSG) layer 52 is formed 
over the first polysilieon layer 50 to increase the surface tires of the bottom electrode. The HLSG 
layer preferably has a thickness (or diameter) in a. range of b*tw**n about 300 and 700 A. 



As shown in figura 5, a sacrificial layer 54 is formed over the first polysilieon 
layer 50 thereby filling the crown hole 46. The sacrificial layer 54 is preferably composed of 
borophosphosilicate glass, silit^ri cxtdc or a photo resistant polymer, aad moat preferably 
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composed of a photo rexUtant polymer. The sacrificial Uycr 54 preferably h»a a thiekrv^ in a 
range of between absul 4500 and 10,000 A. 

Still referring to figure 5, the sacrificial layer S4A is next etched back to 
expose the first pofys'tltcon layer 50 (and tbeHSG layer 52 if present) over the top surface ef the 
remaining portions of the planarixing layer AAA.. The etchback is preferably a dry etch. 
Alternately, the sacrificial layer can be chemical- mechanical polished back. 

Referring to figure 6, the etch back or chemical-mechanical polish (CMP) 
continues. The top portions first polyiSKcon Uyex 50 (and the HSG layer 52 if proem) are 
removed for ovct the lop the remaining portion of the plan arizing layer 4-4 A. The remaining layer 
£0 forms the top cylinder of the crown of the bottom electrode. The top 50B cf the first 
conductive layer is exposed as chown. Also s»* top down view figure 9. 

Referring to figure 7, the sacrificial layer 64 and remaining portions ef the 
first planarizmg layer 44 A are selectively removed thereby formings crown shaped storage 
electrode 42 50. The layers 54 44 A are preferably removed u*Lng a HF dtp «eh. HjSO., end 
H^Oa attd'MH^OH are preferably used remove photo resistant, residue. 

An important feature of the invention it di* «teh barrier layer 34, preferably 
formed cf sneon axynrtridc (S'kQjJ'Je) that protects the underlying -first insulating layer 3D form 
the selective etch (e.g., dilute HF etch). Moreover, the etch barrier layer is preferably composed 
of silicon oxynitride which significantly reduces sires* and improve! yields. 
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Still referring to figure 7, * capacitor dielectric layer 56 and * top electrode 58 
arc formed over the crown shaped storage electrode 42 50 to complete the fabrication of the 
dynamic nndom aaw i memory (DRAM) cdl. Tho capacitor dielectric layer is typically 
composed of Layers of Silicon nitride and silicon oxide (NO), or 0"MO. In making the ONO 
dielectric, the first or bottom silicon oxidfl (O) layer is usually * native oxido grown to thickness 
of about 15 A. The silicon nitride layer (N) is formed by LPCVD to give a resulting thickness of 
between about 80 and 200 A,. The top silicon oxide (0) layer may be formed in oxidation 
furnace. The total ONO thickness is preferably on lh« order of between about 1 00 and 250 A. 

The top plate electrode 58 is preferably formed by depositing an m-sftu doped 
poly sill con layer by LPCVD (Low pressure chemical vapor deposition). The top plate electrode 
preferably has a thickness in a range of between about 1000 and 2000 A. Alternately, the top 
plate electrode can be formed of TiN and W layers. 

• Figure 9 shows a top down view of the crown capacitor of the present 



The invention provides many benefits over the prior an for forming a sub 0.25 
j-iro process capacitor. 

(D The etch barrier layer 34 protects the underlying first insulating layer SO 
from the selective etchej for forming the plug 42 (See figure 2) and the sacrificial layer 44 A 
etchback (See figures 6 and 7). Moreover, the etch barrier layer 34 is preferably composed nf 
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fiticon oxynkridc which reduces stress and improves yields. The etch barrier- layer 34 also has * 
high etch selectivity than an oxide such as TEOS oxide. 

icon plug 42 process improves the photolithography accuracy, 
especially in the 0^5jiM and smaller processes, by gaining depth of focus (DOF) margin by 
reducing topography. The polys il icon plug 42 process (See figure 2) comprises forming a 
polyrilieon layer over the etch bamer layer 34 and etching back the polypi icon layer). The 
formation of tHc node comae; hole this early 'tn<he process is a significant benefit as the photo 
process is improved compared to the inventor's farmer process where the node con ten hole 40 
woj formed after ihc formation of crown hole 46 in the ptanarizing layer 44. See figure 4. If the 
node contact hole 40 was formed after the plaoarizing layer 44 was formed. the photo depth of 
focus (DOF) would decrease the photo precision. In addition, th« etch barrier layer 34 is 
critical the photo process for 0.25 ujn products and below. 

The crown capacitor having HSG only oa the inside surfaces eliminates 
HSG grains that could falls from the outside crown walls 50. 

© The sacrificial layer 54 can be formed of a photo resistant material, a 
polymer, or borophosphosiJicate glass. 

It should be recDgnized that many publications describe ilic details of common 

techniques used in the fabrication process of integrate circuit component. See, e.g., C.Y. Chang, 

S.M. Sze, in ULSI Technology, by The McGraw-Hill Company, Inc. copyright 19S>7. Those 

techniques can be generally employed in the fabrication of the structure of the present invention. 
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Moreover, the individual steps of such a process can be performed using commercially avaiJafcU 
integrate eireurt fabrication machines. A* specifically necessary to than undemanding of the 
pre son invention, exemplary technical data are set forth based upon current technology, Future 
development* in the art may call for appropriate adjustments as tvould be obviouc to one ckill*d 
m ihs an. 

While the invention has been particularly shown and described with reference 

lo ihe oraferred embodiments thereof, it -will he understood bv those skilled in the art that various 

v 

chutes in form and details may be made without departing from the spurt and scope of the 
invention. 



What is claimed is: 
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A method for manufacturing a crown capacitor for a memory device, comprising the 
steps of. 

a) selectively forming isolation areas on ib« surface of a substrate while 
leaving device areas of fabrication of semiconductor devices; 

b) forming device structures within said device areas of said substrate wherein 
in said device structure includes a capacitor sod* contact region in said 
substrate: 

c) forming a first insulating layer over said device structures and said 
substrate; 

d) forming an etch barrier layer over said -first insulating layer; 

e) forming a node contact hole through to jaid elci barrier layer and taid first 
insulating layer to expose said capacitor node contact region on raid 

cub strait; 

f) farmins a ?fug filling laid ncda contact hole making electrical tnd 
aiechanicaJ contact with said capacitor node contact region; 

formrng a planariarng layer over said eicb barrier layer and said plug; 
b) forming a crown bole in said plasarizing layer exposing said plug and 

Surrounding portions of said etch barrier layer; said crown hole is defined by 

remaining portions of said pia-narizmg layer; 
i) depositing a first polysiJicon Uyw over said etch barrier layer. laid plug, 

and the remaining planarizing layer partially filling said crown bole: 
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j) forming a sacrificial layer over said ftr« poly silicon layer ih«reby filling 
said crown hole; * * * 

k) removing top portions of Mid sacrificial layer to expose said first 

polysilicon layer over said remaining portion of said planarizing layer, said 
top portions of said sacrificial layer removed by a process selected from the 
group consisting of etching back and chemical-mechanical polish; 

1) removing the exposed portions of said first polysilicon layer over -die top 
said remaining portion of said plananxisg l*y«r, 

m) selectively removing ihe remaining portions of said sacri ficjaj Uyer and 

said pi notarizing layer thereby forming a crown shaped storage electrode; and 

tl) forming a c*p alitor dielectric layer ttnd a top electrode over ssud crown 

shaped storage electrode. 

2. The. method of claim 1 wherein said firs; polysilicon layer is comprised of two layers, a 
doped polysilicon layer and a Hemispherical grains (HSG) layer. 

3. The method of claim I "Wherein devices comprise gate structures, spacers, first isolation 
layer preferably composed of silicon oxide formed by a TerraEthylOrthoSilane (TEOS) 
process, a lecond isolation layer preferably composed of silicon oxide, borophosphosihcaic- 
glass, phosphosilicate glass and bofosilicaxe glass (BSG); and a bit line contact and bit Ene. 

4. The method of claim \ -wherein said first insulating layer composed of a material 
selected from the grcup consisting of silicon oxide, borophosphosiiieate glass, and silicon 
oxide formed by a Sub atmospheric - oxide process. 

5. The method of claim 1 wherein said node contact hole has an open dimension in a range 
of between about 0,}8 and 0.35 p.nr 
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6, The method of claim 1 wherein said plug it composed of doped polysilieon; said pkg 
fanned by depositing a layer of doped polytilicon wilh a Thickness In a range of between 
about 3000 and 4500 A and etching back laid layer of doped polyulicon. 

I. The method of claim t wherein raid planaming layer composed of a material it«Ucted 
from the group consisting of borophospho silicate glass, silicon oxide, and tpirv-on-glas*, and 
a thickness in a range of between about 7000 and 13,000 X. 

8 The method of claim 1 wherein said crown hole having an open dimension in a range of 
between about 0 3 and 0 8 \.tm. 

9. The method of .claim ] wherein said first polys ill con layer composed of doped 
"polyrilieon and having * thickness in a range of between about 300 and 500 A. 

1 0. The method of claim 1 wherein said HSG layer having a thicknetf in a range ofbetween 
abom 300 and 700 A. 

I I, The method of claim 1 wherein said sacrificial layer is formed of a material selected from 
the group roosisting of 3PSG, silicon oxide, polymer, and phoio resistant material, and J aid 
sacrificial layer having a thiclenesi in a range of between about 4560 and 10,000 A. 



12. A method for njanufacturing a crown capacitor for a memory device, comprising the 

steps of: 

a) selectively forming isolation ftreai on the sur&ee of a substrate while 
leaving device areas of fabrication of semiconductor devices: 

b) forming device structures within said device areas of said substrate wherein 
in said device structure includes a capacitor node contact region in said 
substrate; 
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(1) devices enmprije gate structures, spacers, a first isolation layer 
composed of si 1 icon oxide farmed by a TdraElhyiOthnSilan* 
(TEOS) process, a second isolation layer composed of silicon 
oxide, a bit line contact and bit line; 

c) forming a first insula! in g layer over said device structures and said 
substrate; 

(1) said first insulating layer composed of a material selected from the 
group const sting of silicon oxide, 3PSG, and silicon oxide formed 
by a Sub atmospheric - oxide process; 

d) forming an etch barrier layer over said first insulating layer; 

(1 ) said etch barrier Jayer composed of a material selected from the 
group consisting of silicon nitride, silicon o*ynitride and TEOS 
oxide, and said etch barrier layer having a thickness in a range of 
between about 50 and 200 A; 
c) forming a node contact hole through to said etch barrier layer and said first 
insulating layer to expose said capacitor node ccr.ia.ct region on said 
substrate; 

(1) said-node contact hole has an open dimension in a range of 
between about 0. 1 8 and 0.35 ujn; 
f) forming a plug fil Ifng said node contact hole making electrical and 
mechanical contact with said capacitor node contact region; 
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(1 ) said plug composed of doped pelyeiltcon; sad plug formed by ' 

depositing a layer of doped pdJyrilicon with a thickness in * range 
of between abom 3000 and 4500 A and etching back said layer of 
doped polysilicon; 

g) forming a plagiarizing layer over said etch barrier layer and said plug; 

(1) said planarizisg layer composed cf a material selected from the 
group consisting cf borophocphocilvcacta glasa, silicon O>o«de, »nd 
spin-an-glass. and a thickness in a range of between ahcait 7000 
and 13,000 A; 

h) forming a crourn hole in said planarizing layer exposing said plug and 
surrounding portion* of said etch barrier Layer; said crown hole is defined by 
remaining portions of said plaoariaang layer ; 

(1) said crown bole having an open dimension is a range of between 
about 0.3 and 0.8 |itn; 

i) depositing a firs', polysilicon layer over said etch barrier layer, said plug, 
and the remaining pjanarizing layer partially filling said crown hole; 

(1) said first polysilicon lay«r composed of doped polysilicon and 
having a thickness in a range of betwe e n about 300 and 500 A; 
j) forming a Hemispherical grains (HSG) layer over said first polysilicon 
layer; 
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(1) said Hemispherical grains (HSG) layer having a thickness in a 
range of between about 300 and 70O A; 
k) forming* sacrificial layer over said first polysilicon layer Thereby filling 
siid crown hole; 

(l) said sacrificial layer Is formed of a material selected from the 
group consisting of BPSG, silicon oxide, polymer aod photo 
resistant materia^ and said sacrificial layer having a thiclcnesi in a. 
range of between about 4500 and 1 0,000 A; 
1) removing top portions of said taoiftctaJ layer to expose said first 

polystBcon layer over said remaining portion of said pianariaing l*y«r j said 
top portions of said sacrificial layer removed by a process selected from ihe 
group consisting of etching bade and dtemical-mechanicaJ polish; 
m) removing trie exposed portions of said first potvstUcoa layer over the top . 

- said remaining portion of said planariziris layer; 
n) selectively removing the remaining portions of said sacrificial layer and 

s*id pUnarizisg layer Thereby forming a crown shaped storage denrode; and 
o) forming a capacitor dielectric iayer and a top electrode over said crown 
shaped rtorago electrode. 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7 



(42) 




FIG. 8 



(43) 



1 1-284139 




FIG. 9 
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Abstract 

A crown capacitor Tor a memory device is formed usm3 (1) on important early 
poly plug 41 process and (2) an eli^ barrier layer 34. A first insulating layer 30 and on etch 
barrier layer are formed over device structures and the substrate 1 0. A node contact hole 40 is 
formed through the etch barrier layer 34 and the first insulating layer 30. A plug 42 is formed 
filling the node contact hole 40. Next; a ptanariziraj layer 44 is formed over the etch barrier layer 
34 and the plug 42. A crown hole 46 is formed fn the planarizing layer 44 exposing the plug 42. 
A first polysilicon layer 50 is deposited over the etch barrier layer, the plug 42, and the 
remaining first planarizing layer 44 A. A cacrificial Jayar S4 t« formed over the first polysilicon 
layer SO Thereby filling The crown hole 46. The sacrificial layer 54 and the first polysilicon layer 
50 are etch back to remove the exposed portions of the first polysilicon layer 50 over ihe 
planarizing layer 44 A. The aacrifieial layer 54 U selectively removed thereby forming a crown 
shaped storage electrode 42 50. * 



